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Summary
Transitions between neighbouring vegetation units form one of the central 
issues in ecology. The topic is especially interesting in the case of natural or 
near-natural forests, where different forest types are arranged along gra-
dients, interspersed with gaps. In this article, our aim was to identify the 
spatial sequence of forest types along a topographical gradient in a forest 
reserve in the Mecsek Mts, Hungary. We wanted to charaterize the shar-
pness of the boundaries between adjacent units, as well as to describe the 
different segments identified. A belt transect, running from a beech forest 
into a turkey oak-sessile oak forest, was established. The transect consisted 
of 376 plots, 2 m2 each. Presence of all vascular plant species of the herb 
layer was registered in each plot along the transect. Vegetation boundaries 
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were delineated both visually (during field works) and objectively (using 
the multivariate moving split windows – MSW – technique). The segments 
were compared based on physiognomy, species richness, ecological indica-
tor values, geoelement spectra and species’ coenological preferences. We 
identified eight segments visually, all of which could be verified by the MSW 
analysis. The high peaks indicated sharp boundaries, reflecting sudden com-
positional changes due partly to physiognomic changes, partly to the steep 
topographical gradient. MSW peaks were shifted to the north in each case, 
compared to the visual boundaries, the average spatial difference being 
6.14 m. This is consistent with earlier studies on the light regime of the 
northern edges of the gaps. Forest gaps as well as the xeric end of the trans-
ect proved to be more species rich than the other segments. In contrast, 
ecological indicator values, geoelement spectra and species’ coenological 
preferences did not show marked gap vs. closed forest differences; instead, 
there were gradual trends in these characteristics from the valley bottom 
to the valley edge. Thus, the strong topographical gradient had a much 
larger influence on these features than canopy openness. We hope that our 
study contributes to a better understanding of the spatial heterogeneity of 
near-natural beech and oak forests, and it may serve as a starting point for 
monitoring surveys in the forest reserve of the Mecsek Mts.
Zusammenfassung
Räumliche Übergänge zwischen benachbarten Vegetationseinheiten ge-
hören zu den zentralen Themen in Ökologie, die besonders interessant 
im Falle von natürlichen oder naturnahen Wäldern sind, wo verschiedene 
Waldtypen und verstreute Lichtungen entlang Gradienten aufzufinden 
sind. In diesem Artikel wollten wir die räumliche Sequenz der Waldtypen 
entlang eines Gradienten in einem Buchenwald-Reservat im Mecsek-Gebir-
ge (Ungarn) feststellen. Unser Ziel war die Schärfe der Grenzen zwischen 
benachbarten Einheiten zu characterisieren, sowie die verschiedenen Seg-
mente zu beschreiben.
Ein Transekt wurde gegründet, der von einem Buchenwald bis einen Zerr-
eichenwald erstreckte. Der Transekt bestand aus 376 Quadraten, je 2 m2. 
Wir registrierten die Präsenz aller Gefäßpflanzen der Krautschicht in jedem 
Quadrat entlang der Transekt. Vegetationsgrenzen wurden sowohl visuell 
(während der Feldarbeiten) als auch objektiv (mit dem multivariablen mo-
ving split window – MSW – Technik) festgestellt. Die Segmente wurden auf 
Basis von Physiognomie, Artenreichtum, ökologische Zeigerwerte, Spekt-
rum der Florenelementen und Spektrum der zönologischen Präferenzen 
verglichen. Acht Segmente wurden visuell festgestellt, und alle wurden 
durch die MSW-Methode bestätigt. Die hohen Spitzen deuteten auf scharfe 
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Grenzen, die plötzliche Veränderungen in der Zusammensetzung der Arten 
markierten, zum Teil wegen der physiognomischen Veränderungen, zum 
Teil wegen der steilen topographischen Gefälle. Wenn mit den visuellen 
Grenzen verglichen, MSW-Spizten waren in jedem Fall nach Norden ver-
schoben; die durchschnittliche Differenz war 6.14 m. Dies steht in Überein-
stimmung mit früheren Studien über die Lichtverhältnisse im nördlichen 
Rand der Lichtungen. Lichtungen und die xerophile Ende des Transekts er-
wiesen sich mehr artenreich als die anderen Segmente. Ökologische Zei-
gerwerte, Spektrum der Florenelementen und Spektrum der zönologischen 
Präferenzen dagegen zeigten keine deutliche Unterschiede zwischen Wald 
und Lichtung; stattdessen gab es ein allmählicher Trend von der Talsohle 
zum Talrand. Die starke topographische Gefälle hatte einen viel größeren 
Einfluss auf diese Attribute als die Offenheit der Kronenschicht. Wir hoffen, 
dass unsere Studie zu einem besseren Verständnis der räumlichen Hetero-
genität der naturnahen Buchen-und Eichenwälder beitragen wird, und es 




The arrangement of plant populations and communities along environ-
mental gradients belongs to the central issues in vegetation ecology (cf. 
Gleason, 1926; Clements, 1936; Whittaker, 1967; Austin, 2005). The shar-
pness or vagueness of the transitions between neighbouring communities 
situated along a gradient is particularly interesting. Numerous studies have 
shown that in nature both sharp and blurred boundaries exist, and in some 
cases transitions are so gradual, that no boundaries can be delineated (e.g. 
Hobbs, 1986; Kirkman et al., 1998; Erdős et al., 2012). Major physiognomic 
differences (e.g. in the case of a forest-grassland boundary) often result in 
sharp compositional boundaries (e.g. Ludwig and Tongway, 1995; Hennen-
berg et al., 2005; Erdős et al., 2011; Dupuch and Fortin, 2013), although 
there are also contradicting results (e.g. Chabrerie et al., 2013).
The situation is more complicated if changes in vegetation structure are less 
conspicuous. Adjacent forest communities usually intergrade into one an-
other more or less gradually, without any sharp boundaries. Ortmann-Ajkai 
(2002) demonstrated that coenologically typical oak-ash-elm and oak-horn-
beam stands on a floodplain, along a weak altitude and groundwater level 
gradient, could not be separated clearly either by coenological or by multi-
variate analyses: there is a gradual transition zone of some hundred meters 
between them. Hrivnak et al. (2013) found a continuous unimodal distri-
bution of species along an altitudinal gradient of Central European beech 
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forests in the herb, shrub and canopy layers each. Penksza et al. (1995) ana-
lysed a sequence of mesic forest communities along an altitudinal gradient. 
In the transect, the species of the canopy layer formed marked boundaries, 
but the herb layer showed a rather gradual spatial species turnover. Similar-
ly, no significant boundaries were revealed among the herb layer communi-
ties of neighbouring mesic forest stands in the studies of Erdős et al. (2012, 
2013a), which used the moving split window (MSW) analysis for boundary 
detection. However, there are some researches showing entirely different 
results. Pärn et al. (2010) were able to delineate well-defined boundaries in 
the herb layer along a transect that crossed different forest types growing 
on different soils. Also, the results of Bátori et al. (2014) indicate that boun-
daries between mesic forests are pronounced in some cases, if the herb 
layer is considered. Brunet et al. (2000) have shown that sharp boundaries 
may exist between ancient and recent forest stands, although they become 
more and more blurred over time. It is clear that more case studies are nee-
ded to gain a better understanding on where and why sharp and blurred 
boundaries emerge.
The situation becomes even more complicated if forest gaps are also ta-
ken into account (Watt, 1947). The importance of gap models (Bugmann, 
2001), both in theoretical and applied forestry research (e.g. climate change 
effects: Price et al., 2001, near-natural forestry: Brang, 2005) is increasing 
rapidly. It is well known that gaps have a profound influence on environ-
mental factors, especially on light conditions and microclimate (e.g. Chen 
et al., 1993; Pickett and Cadenasso, 2005; Adb Latif and Blackburn, 2010), 
and, consequently, on species composition and regeneration patterns (e.g. 
Leemans, 1990; Veblen, 1992; Fownes and Harrington, 2004; Gálhidy et al., 
2006; Mihók et al., 2007; Diaci, 2008). Thus, sharp boundaries might be ex-
pected between gaps and neighbouring areas. However, this may not al-
ways be the case, especially for small gaps. The smaller the gap diameter, 
the more similar the gap is to areas under an intact canopy layer (Runkle, 
1985).
Numerous studies have shown that the species richness of the gaps is usu-
ally higher than that of closed forests (e.g. Jonsson, 1990; Goldblum, 1997; 
Schnitzer and Carson, 2001; Degen et al., 2005), although the pattern is not 
general (e.g. Ehrenfeld, 1980). Since most studies focus on woody species, 
more case studies are needed that include herb species as well (Gálhidy et 
al., 2006). This is especially important, as herbs affect both environmental 
parameters and tree regeneration in gaps (Mihók et al., 2005; Gálhidy et 
al., 2006).
In addition, the question emerges whether boundaries of the different 
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vegetation layers are situated in the same positions. Some earlier studies 
suggest that different mechanisms are responsible for controlling the herb 
layer and the other layers (Tyler, 1989; Brunet et al., 2000; Holeksa, 2003; 
Erdős et al., 2012). Therefore, it is conceivable that boundaries of different 
layers are not in the same location, if the change in the main environmental 
factors do not coincide.
In this study, we intended to identify the spatial arrangement of forest ty-
pes along a topographical gradient in a forest reserve. Our aim was to find 
out, whether boundaries between them are sharp or blurred. Moreover, 
our objective was to compare the types according to their species richness 
and floristic composition. We also used ecological indicator values to deter-
mine how environmental parameters change along the gradient. We hope 
that the present study contributes to a better understanding of the spatial 
heterogeneity of Central-European beech and oak forests.
2. Materials and methods
Study area
Our study area was the Kőszegi-forrás Forest Reserve (4609’ N, 18017’ E), 
situated in the Mecsek Mts (South Hungary), near the village of Mánfa. The 
reserve is located ca. 280-400 m above see level. It is among the best-studied 
Hungarian forest reserves (Horváth et al., 2012). Mean annual temperature 
is 9°C, annual precipitation is 750-800 mm (Ambrózy and Kozma, 1990). 
The bedrock is Miocene conglomerate, which is covered by brown forest 
soil. The core area of the forest reserve is 33 ha, with a buffer zone of 116.2 
ha (Bartha and Esztó, 2002). Since the majority of the core area lies on a 
north-facing slope, the most typical plant community here is the beech fo-
rest Helleboro odori-Fagetum, despite the low altitude. The canopy consists 
of Fagus syvatica, although Carpinus betulus and Quercus cerris individuals 
are also present. The shrub layer is lacking or sparse. The cover of the herb 
layer varies considerably, and it has a lot of geophytes (e.g. Allium ursinum, 
Galanthus nivalis, Isopyrum thalictroides) and several plants with a sub-Me-
diterranean character (e.g. Calamintha sylvatica, Lathyrus venetus, Ruscus 
hypoglossum). The stand within the forest reserve is ca. 170 years old, and 
no forestry activities have been carried out since 1973 (Szerémy, 2008).
On the more xeric sites of the forest reserve, the turkey oak-sessile oak fo-
rest Potentillo micranthae-Quercetum dalechampii can be found. The cano-
py is formed by Quercus petraea agg. and Qu. cerris, but other species such 
as Acer campestre and Fraxinus ornus are also typical in the lower canopy. 
Both the shrub (e.g. Cornus mas, Crataegus monogyna, young individuals 
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of Fraxinus ornus and Acer campestre) and the herb layers (e.g. Helleborus 
odorus, Melica uniflora) are well developed. Other plant associations occur-
ring in the forest reserve are: the alder forest Carici pendulae-Alnetum, the 
oak-hornbeam forest Asperulo taurinae-Carpinetum and the ravine forest 
Scutellario altissimae-Aceretum. Although these latter forest communities 
were not included in the present study, their species composition influences 
the beech forest and turkey oak-sessile oak forest of our study.
Field data collection
A 376 m × 2 m transect was established, running from a beech forest with 
some ravine character of the valley bottom (353 m asl) to a turkey oak-
sessile oak forest on the hilltop (404 m asl). The transect consisted of 376 
contiguous plots, 2 m × 1 m each. The presence of all vascular plant species 
of the herb layer (including trees and shrubs not higher than 50 cm) was 
recorded in April (to include spring geophytes) and August (to include sum-
mer plants) 2011. During field studies, boundaries of the vegetation units 
were determined visually, during which all vegetation layers were taken 
into account.
Moving split window analysis
To determine the exact and objective boundary positions along the trans-
ect, the moving split window (MSW) analysis was used (Webster and Wong, 
1969). This method has proven extremely useful in vegetation science du-
ring the last few decades (Erdős et al., in press). During the MSW analysis, 
a window consisting of two adjacent plots is designated at one end of the 
transect, and the two half-windows (i.e. the two plots) are compared using 
a dissimilarity function. The window is then shifted along the transect, and 
the dissimilarity function is computed in every position. When dissimilarity 
function is plotted against window midpoint position, boundaries appear 
as peaks. The procedure can be repeated with larger window sizes, carrying 
out the analysis at other spatial scales. The complement of the Renkonen 
index was used as dissimilarity function. The significance of the boundaries 
was tested with the z-score transformation (Hennenberg et al., 2005). 100 
randomizations were made with random relocation of plots. Z-scores were 
computed for all window sizes between 2-200, but finally, two spatial scales 
were selected for the remaining parts of the present study: z-scores were 
averaged over 20-30 and 40-50 window widths. Peaks above 1.85 were re-
garded as indicating significant (p <0.05) boundaries (Erdős et al., 2013a). 
The MSW-computations were done using the statistical language R 2.10.1 
(R Development Core Team, 2009); R-source code is published in Erdős et al. 
(2014).
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Analysis of the segments identified along the transect
For the final boundary delineation, a combination of the MSW results and 
the visual boundary delineation was used. Generally, there was a good ag-
reement between the results of the MSW for the two spatial scales; for 
boundary delineation, the coarse scale was used, except for the rightmost 
boundary (in this case, the boundary was so close to the end of the transect 
that it was out of reach for the coarse scale). In the case of double or mul-
tiple peaks on the MSW graph, the highest peaks were taken into account. 
Peaks slightly higher than the critical level (z=1.85) but not corresponding 
to any visual boundaries were not considered. Former studies revealed that 
some MSW peaks indicate within-patch inhomogeneities that may not al-
ways be important for a certain research question (Choesin and Boerner, 
2002; Erdős et al., 2012). Finally, the transect was divided into eight seg-
ments, which were used for all subsequent analyses.
Species richness was calculated for all plots. To test the differences among 
the segments regarding species richness, one-way ANOVA and subsequent 
Tukey’s HSD post hoc tests were made with SPSS 11.5 (SPSS Inc.). The ecolo-
gical indicator values of Borhidi (1995) for temperature (T), moisture (W), 
soil reaction (R) and light (L) were used to estimate the environmental para-
meters of the segments. Several instrumental measurements have shown 
that ecological indicator values are appropriate to assess environmental va-
riables (ter Braak and Gremmen, 1987; Diekmann, 1995; Barczi et al., 1997; 
Schaffers and Sýkora, 2000; Dzwonko, 2001; Bartha, 2002; Tölgyesi et al., 
2014). We calculated mean indicator values for the plots, based on presen-
ce-absence data. The calculation of mean indicator values has a firm theo-
retical basis and has performed well in earlier studies (Diekmann, 2003; Len-
gyel et al., 2012; Tölgyesi and Körmöczi, 2012; Erdős et al., 2013b). Results 
were visualized in box-plots for both the species richness and the indicator 
values.
For each segment, the following two spectra were prepared: one using the 
geoelement categories (reflecting the European distribution of the plant 
species), and the other using the coenological preference of the species 
(reflecting the species’ regional affinity to certain vegetation types). Cate-
gorization of the species was done following the FLÓRA database (Horváth 
et al., 1995).
Species names are used according to Simon (2000), plant community names 
follow Borhidi et al. (2012).
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3. Results
Boundary delineation
In the 376 plots, a total of 65 plant species was found. Visually, eight seg-
ments were identified (G1-G3: gaps, F1-F5: forests with a canopy) (Fig. 1):
 
Figure 1. a) Morphological profile of the transect. b) Z-score diagram of the MSW-analysis. 
Vertical lines indicate visually identified boundaries. Horizontal dashed line denotes 
critical value (z=1.85), above which peaks are considered significant. In the MSW-analysis, 
z-scores were averaged over window widths 20-30 (thin line), and 40-50 (thick line).
Abbildung 1. a) Morphologisches Profil des Transekts. b) Diagramm der z-Werte von der 
MSW-Analyse. Senkrechte Linien zeigen visuell festgestellte Vegetationsgrenzen. MSW-
Spitzen über der waagerechten gestrichelten Linie (kritische Wert, z=1.85) sind signifikant. 
Mittelwerte von den z-Werten wurden berechnet zwischen Fenstergrössen 20-30 (dünne 
Linie) und 40-50 (dicke Linie).
 
G1: The transect started from a gap, characterized by a relatively dense 
shrub layer (e.g. Sambucus nigra), and a large amount of tree saplings 
(mainly Fagus sylvatica). The cover of the herb layer usually varied between 
30-60%, the most abundant plants being Dentaria bulbifera, Dryopteris fi-
lix-mas, Galeobdolon montanum and Rubus fruticosus agg.
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F1: The second segment was a forest with a canopy dominated by Fagus 
sylvatica. Tree saplings formed a lower canopy layer. The shrub layer was al-
most entirely lacking. The herb layer was sparse, the most abundant species 
included Dentaria bulbifera, D. enneaphyllos and Ranunculus ficaria.
G2: The third segment was a gap with a considerable shrub layer, formed 
mainly by juvenile Fagus sylvatica trees. Dentaria enneaphyllos, Galeobdo-
lon montanum, Melica uniflora and Mercurialis perennis were dominating 
in the herb layer, total cover of which was usually over 60%.
F2: This segment had a relatively open canopy, resulting in a considerable 
shrub layer (Euonymus europaeus and juvenile Fagus sylvatica individuals). 
The cover of the herb layer varied considerably from plot to plot, and it was 
co-dominated by Dentaria enneaphyllos and Ranunculus ficaria.
F3: A pure stand of mature Fagus sylvatica trees formed a dense canopy, 
which resulted in a sparse shrub layer. Moss-covered rocky outcrops were 
frequent. The cover of the herb layer varied extremely, its abundant species 
being Dentaria enneaphyllos and Mercurialis perennis.
F4: Compared to the previous segments, this segment was quite different 
regarding species composition. In the canopy, Quercus cerris was the domi-
nant species, with Acer campestre and Fraxinus ornus in the lower canopy 
layer. The shrub layer consisted mainly of Cornus mas and Crataegus mono-
gyna. A few large rocks were on the soil surface. In the herb layer, Denta-
ria bulbifera, Mercurialis perennis and Ranunculus ficaria had the highest 
cover values.
G3: The shrub layer of this gap consisted mainly of Cornus mas and Cratae-
gus monogyna. Among seedlings and saplings, Acer campestre was especi-
ally frequent. Along the whole transect, the cover of the herb layer was the 
highest in this segment, co-dominated by Melica uniflora and Mercurialis 
perennis.
F5: The transect ended in a rather xeric forest, canopy of which was formed 
mostly by Quercus cerris, but several other trees were also present (e.g. Acer 
campestre, Carpinus betulus, Fraxinus ornus, Qu. petraea agg.). The open 
canopy enables the existence of a dense and diverse shrub layer (Cornus 
mas, Crataegus monogyna, Euonymus europaeus, Rosa canina agg.). Also, 
the cover values of the herb layer were the second highest in this segment.
The segments identified visually were generally confirmed by the MSW ana-
lysis (Fig. 1). Each of the seven visual boundaries was indicated by a corre-
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sponding peak on the MSW profile. Most of the peaks were prominent. A 
few additional peaks also emerged. Although these additional peaks may 
refer to important compositional changes, which could be further analyzed, 
they were not considered in the present study. From the MSW profile, it is 
apparent that the MSW peaks were shifted to the north in each case, com-
pared to the visual boundaries. The spatial difference was 3-10 m, with an 
average of 6.14 m.
Analysis of the segments
Species number differed significantly among the segments along the gra-
dient (ANOVA F=37, p<0.001). Tukey’s post hoc comparisons showed that 
forest gaps (G1-G3) and section F5 were more species-rich than the other 
segments (Fig. 2).
Figure 2. Species richness of the segments along the gradient. Boxes not sharing a letter 
are significantly (p<0.001) different.
Abbildung 2. Artenreichtum der Abschnitten entlang des Gradienten. Unterschiedliche 
Buchstaben kennzeichnen signifikante (p<0.001) Unterschiede.
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Mean temperature values were low near the valley bottom, slightly higher 
in segments F2 and F3, intermediate in segment F4, and reached the highest 
values on the edge of the valley (Fig. 3a). Mean moisture values showed 
a reverse trend, with the exception of segment F1, which seemed to be 
somewhat dryer than the neighbouring segments (Fig. 3b). As for the soil 
reaction values, the whole transect was dominated by plants indicating 
neutral soils or having a wide tolerance (category R6), and by slightly basif-
requent species (category R7). However, soil reaction values increased near 
the middle of the transect (Fig. 3c). Mean light values were relatively high 
in segments F4, G3 and F5 (Fig. 3d). Among the other segments, the largest 
gap (G1) seemed to have a bit higher values.
 
Figure 3. Mean ecological indicator values of the segments along the gradient. a) mean 
temperature values, b) mean moisture values, c) mean soil reaction values, d) mean light 
values.
Abbildung 3. Durchschnittliche Zeigerwerte in den Abschnitten entlang des Gradienten. 
a) Temperatur, b) Feuchtigkeit, c) Bodenreaktion, d) Licht.
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Regarding the geoelement spectra, the whole transect was dominated by 
European, Central European and Eurasian species (Fig. 4). The proportion 
of the sub-Mediterranean species increased considerably towards the edge 
of the valley. Also, species with a continental character showed a slight in-
crease in the same direction. Atlantic and cosmopolitan species played a 
subordinated role.
 
Figure 4. Geoelement spectra of the segments along the gradient. SME: sub-Mediterranean 
species, CON: continental species, COS: cosmopolitan species, EUR: European, Central-
European and Eurasian species, ATL: Atlantic species.
Abbildung 4. Spektrum der Florenelementen in den Abschnitten entlang des Gradienten. 
SME: submediterrane Pflanzen, CON: kontinentale Pflanzen, COS, Kosmopoliten, EUR, 
europäische, zentral europäische und eurasische Pflanzen, ATL: atlantische Pflanzen.
If the coenological preferences of the species were considered, there was 
a conspicuous trend from the valley bottom to the valley edge (Fig. 5): the 
proportion of beech forest species gradually decreased, while species of 
xeric and mesic oak forests became more frequent. Weedy and indifferent 
species were rare throughout the whole transect.
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Figure 5. Coenological preference spectra of the segments along the gradient. B: beech 
forest species, X: xeric oak forest species, M: mesic oak forest species, WI: weedy and 
indifferent species.
Abbildung 5. Spektrum der zönologischen Präferenzen in den Abschnitten entlang des 
Gradienten. B: Arten der Buchenwälder, X: Arten der xerophilen Wälder, M: Arten der 
mesophilen Wälder, WI: Unkräuter und indifferente Arten.
4. Discussion
It is generally accepted that natural forests consist of a mosaic of patches 
in different developmental stages (the so-called sylvatic mosaic: Oldeman, 
1990; Valverde and Silvertown, 1997), or growing under different site cir-
cumstances and dominated by different plant species (Wall and Darwin, 
1999; Perry et al., 2008). The aim of our study was to characterize the he-
terogeneity of the herb layer in a forest reserve along a topographical gra-
dient.
Our results clearly indicated that the MSW technique is able to detect boun-
daries between different forest types. As expected, there were sharp boun-
daries between gaps and forests with a closed canopy. In addition, pro-
minent peaks emerged between the segments F2, F3 and F4 (Fig. 1). Our 
results are in good agreement with those of Brunet et al. (2000), Pärn et al. 
(2010) and Bátori et al. (2014), who also found well-defined boundaries bet-
ween different forest-types. In all these cases, the neighbouring communi-
ties were situated along marked gradients: different past land-use methods 
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(Brunet et al., 2000), strongly different soils (Pärn et al., 2010) or steep topo-
graphical slopes (Bátori et al., 2014). The study of Tang and Ohsawa (2002) 
also indicates that conspicuous environmental gradients may result in sharp 
boundaries, although this latter study included only woody species. On the 
other hand, some studies showed gradual changes in species composition 
along transects crossing two or more forest communities (Penksza et al., 
1995; Ortmann-Ajkai, 2002; Erdős et al., 2012, 2013a). In these latter cases, 
environmental parameters did not vary as much along the transect, resul-
ting in a rather gradual, continuous species turnover. Similarly, in grassland 
communities, it has been shown that steep environmental gradients often 
entail sharp vegetation boundaries, while gradual environmental changes 
result in gradual compositional changes (Werger et al., 1983; Zalatnai and 
Körmöczi, 2004). However, it should be kept in mind that sharp vegetation 
boundaries might emerge even in the absence of environmental boundar-
ies, due to non-linear species responses (Fagan et al., 2003). Therefore, we 
have to emphasize that more case studies will be needed to draw firm con-
clusions valid for forests.
Unfortunately, the detection of the boundary between segments G3 and F5 
was rather uncertain. This boundary was so close to the end of the transect 
that the coarse scale could not be used in the MSW analysis. The graph of 
the fine scale showed significant but not very high peaks.
We found that boundaries identified by the MSW were always shifted to 
the north, when compared to visual boundaries (Fig. 1). The possible expla-
nation for this can be given as follows. Visual boundaries were determined 
based on all vegetation layers, including shrubs and canopy trees. In con-
trast, MSW-boundaries were delineated using only the data of the herb la-
yer. For herb species, the most important factor affecting their distribution 
is microclimate, mainly light regime (e.g. Tinya et al., 2009a, b). Microclima-
tic parameters are largely influenced by the canopy layer. Since the surface 
is receiving solar radiation from a prevailingly southern direction, this cau-
ses that canopy closure (shading) is reflected in the herb layer a few me-
ters towards the north. The effect is especially explicit in the present study, 
given the north-facing character of our transect. The pattern revealed in 
our study is consistent with the results of light intensity measurements of 
Gálhidy et al. (2006), Diaci et al. (2008) and Kollár (2013).
We revealed significant differences between the species richness of the seg-
ments (Fig. 2). Generally, gaps seemed to be more species rich than other 
areas. This finding corresponds to the results of earlier studies, carried out 
in several forest types (e.g. Jonsson, 1990; Goldblum, 1997; Schnitzer and 
Carson, 2001; Degen et al., 2005; Böhling, 2007). The present article empha-
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sizes the importance of the gaps in maintaining a high diversity of Hunga-
rian beech and oak forests.
While in the case of species richness, the main difference was found bet-
ween gaps and closed forests, this was not true for the ecological indicator 
values. Mean temperature, moisture, soil reaction and light values were pri-
marily influenced by the position along the topographical gradient. Condi-
tions near the valley bottom were cool, humid and shady, whereas the fac-
tors changed towards the other end of the transect. The valley edge proved 
to be rather warm, xeric, and sunny. Although it is certain that parameters 
differ among gaps and closed forests, it seems that in our case, the strong 
topographical gradient had a much larger influence on environmental fac-
tors than canopy openness. In addition, it must be taken into account that 
segments F4 and F5, although categorized as closed forests, had a much 
more open canopy than segments F1-F3. Clearly, it should always be kept 
in mind that gap vs. non-gap dichotomy, although a useful distinction for 
practical purposes, is an oversimplification (Lieberman et al., 1989). It is pro-
bable that the small gap sizes also minimized environmental differences. 
Lateral extension of the trees bordering the gap as well as growing saplings 
are able to create an environment similar to those under the closed canopy, 
especially in the case of small gaps (Runkle, 1985).
Geoelement types also reacted mainly to the climatic conditions caused by 
the topographical gradient: the frequency of the sub-Mediterranean and 
continental species increased slightly towards the hilltop (Fig. 4). Coenolo-
gical preferences showed a similar trend: species typical of xeric and mesic 
forests were more frequent near the hilltop, while plants of beech forests 
were most numerous in the lower and middle section of the transect (Fig. 
5). The low frequency of weedy and indifferent species along the whole 
transect indicates the good natural condition of the core area of the forest 
reserve.
Knowledge on the dynamic processes of natural forests is important both 
from a theoretical and a practical perspective (Brang, 2005; Kenderes et al., 
2008). Our study may serve as a useful starting point for further monitoring 
surveys. Such surveys could considerably contribute to our understanding of 
how gap-forest boundaries change over time.
 
Seite 100 Erdös, Vida, Körmöczi, Bátori, Tölgyesi, Ortmann-Ajkai
Acknowledgements
We are indebted to Gábor Csicsek, Márió Lukács, and Vivien Sass for their 
help in field data collection. The preparation of this publication was sup-
ported by the TÁMOP-4.2.2.A-11/1/KONV-2012-0004 grant.
References
Abd Latif, Z., Blackburn, G.A., 2010. The effects of gap size on some mi-
croclimate variables during late summer and autumn in a temperate bro-
adleaved deciduous forest. Internatinal Journal of Biometeorology 54, 
119–129.
Ambrózy, P., Kozma, F., 1990. Éghajlat: Mecsek-hegység. In: Marosi, S., Somo-
gyi, S., (eds.): Magyarország kistájainak katasztere II. MTA FKI, Budapest, 
pp. 548-549.
Austin, M.P., 2005. Vegetation and environment: discontinuities and conti-
nuities. In: van der Maarel, E., (ed.): Vegetation ecology. Blackwell, Ox-
ford, pp. 52-84.
Barczi, A., Penksza, K., Czinkota, I., Néráth M., 1997. A study of connection 
between certain phytoecological indicators and soil characteristics in the 
case of the Tihany peninsula. Acta Botanica Hungarica 40, 1-14.
Bartha, D., Esztó, P., 2002. Az erdőrezervátumok bemutatása az országos 
erdőállomány-adattár alapján. In: Horváth, F., Borhidi, A., (eds.): A hazai 
erdőrezervátum-kutatás. TermészetBúvár Alapítvány Kiadó, Budapest, 
pp. 60-82.
Bartha, S., 2002. A változó vegetáció leírása indikátorszámokkal. In: Sala-
mon-Albert, É., (ed.): Magyar botanikai kutatások az ezredfordulón. PTE 
Növénytani Tanszék, Pécs, pp. 527-556.
Bátori, Z., Csiky, J., Farkas, T., Vojtkó, E.A., Erdős, L., Kovács, D., Wirth, T., 
Körmöczi, L., Vojtkó, A., 2014. The conservation value of karst dolines 
for vascular plants in woodland habitats of Hungary: refugia and climate 
change. Internatinal Journal of Speleology 43, 15-26.
Borhidi, A., 1995. Social behaviour types, the naturalness and relative eco-
logical indicator values of the higher plants in the Hungarian Flora. Acta 
Botanica Hungarica 39, 97-181.
Borhidi, A., Kevey, B., Lendvai, G., 2012. Plant communities of Hungary. Aka-
démiai Kiadó, Budapest, 544 pp.
Böhling, N., 2007. Permanent test plot monitoring of the beech-rich oak-
hornbeam-forest “Hohes Reisach”. Do forest thinning and the effects of 
windthrow lead to regeneration of herb layer species diversity? Carolinea 
65, 163-177.
Brang, P., 2005. Virgin forests as a knowledge source for Central European 
silviculture: reality or myth? Forest Snow and Landscape Research 79, 19-
32.
Brunet, J., von Oheimb, G., Diekmann, M., 2000. Factors influencing vege-
 Vegetation pattern in a beech forest reserve in the Mecsek Mts (Hungary) Seite 101
tation gradients across ancient-recent woodland borderlines in southern 
Sweden. Journal of Vegetation Science 11, 515-524.
Bugmann, H., 2001. A review of forest gap models. Climatic Change 51, 259-
305.
Chabrerie, O., Jamoneau, A., Gallet-Moron, E., Decocq, Q., 2013. Maturation 
of forest edges is constrained by neighbouring agricultural land manage-
ment. Journal of Vegetation Science 24, 58-69.
Chen, J., Franklin, J.F., Spies, T.A., 1993. Contrasting microclimates among 
clearcut, edge and interior of old-growth Douglas fir forest. Agricultural 
and Forest Meteorology 63, 219-237.
Choesin D., Boerner R.E.J., 2002. Vegetetation boundary detection: A compa-
rison of two approaches applied to field data. Plant Ecology 158, 85-96.
Clements, F.E., 1936. Nature and structure of the climax. Journal of Ecology 
24, 252-284.
Degen, T., Devillez, F., Jacquemart, A-L., 2005. Gaps promote plant diversity 
in beech forests (Luzulo-Fagetum), North Vosges, France. Annals of Forest 
Science 62, 429–440.
Diaci, J., Gyoerek, N., Gliha, J., Nagel, T.A., 2008. Response of Quercus robur 
L. seedlings to north-south asymmetry of light within gaps in floodplain 
forests of Slovenia. Annals of Forest Science 65, 105-117.
Diekmann, M., 1995. Use and improvement of Ellenberg’s indicator values in 
deciduous forests of the Boreo-nemoral zone in Sweden. Ecography 18, 
178-189.
Diekmann, M., 2003. Species indicator values as an important tool in applied 
plant ecology – a review. Basic and Applied Ecology 4, 493-506.
Dupuch, A., Fortin, D., 2013. The extent of edge effects increases during post-
harvesting forest succession. Biological Conservation 162, 9-16.
Dzwonko, Z., 2001. Assessment of light and soil conditions in ancient and re-
cent woodlands by Ellenberg indicator values. Journal of Applied Ecology 
38, 942-951.
Ehrenfeld, J.G., 1980. Understory response to canopy gaps of varying size in 
a mature oak forest. Bulletin of the Torrey Botanical Club 107, 29-41.
Erdős, L., Bátori, Z., Morschhauser, T., Körmöczi, L., 2013a. Ecological boun-
daries at different scales: testing the moving split window analysis using 
artificial and field data. Polish Journal of Ecology 61, 319-328.
Erdős, L., Gallé, R., Bátori, Z., Papp, M., Körmöczi, L., 2011. Properties of 
shrubforest edges: a case study from South Hungary. Central European 
Journal of Biology 6, 639-658.
Erdős, L., Gallé, R., Körmöczi, L., Bátori, Z., 2013b. Species composition and 
diversity of natural forest edges: edge responses and local edge species. 
Community Ecology 14, 48-58.
Erdős, L., Méri, Á., Bátori, Z., Gallé, R., Körmöczi, L., 2012. North-south facing 
vegetation gradients in the Villány Mts: a case study on the population 
and the community level. Pakistan Journal of Botany 44, 927-932.
Seite 102 Erdös, Vida, Körmöczi, Bátori, Tölgyesi, Ortmann-Ajkai
Erdős, L., Bátori, Z., Tölgyesi, Cs., Körmöczi, L., in press. The moving split 
window (MSW) analysis in vegetation science – an overview. Applied Eco-
logy and Environmental Research
Erdős, L., Zalatnai, M., Bátori, Z., Körmöczi, L., 2014. Transitions between 
community complexes: a case study analysing gradients through moun-
tain ridges in South Hungary. Acta Botanica Croatica 73, 63-77.
Fagan, W.F., Fortin, M-J., Soykan, C., 2003. Integrating edge detection and 
dynamic modeling in quantitative analyses of ecological boundaries. Bio-
Science 53, 730-738.
Fownes, J.H., Harrington, R.A., 2004. Seedling response to gaps: separating 
effects os light and nitrogen. Forest Ecology and Management 203, 297-
310.
Gálhidy, L., Mihók, B., Hagyó, A., Rajkai, K., Standovár, T., 2006. Effects of gap 
size and associated changes in light and soil moisture on the understorey 
vegetation of a Hungarian beech forest. Plant Ecology 183, 133-145.
Gleason, H.A., 1926. The individualistic concept of the plant association. Bul-
letin of the Torrey Botanical Club 53, 7-26.
Goldblum, D., 1997. The effects of treefall gaps on understory vegetation in 
New York State. Journal of Vegetation Science 8, 125-132.
Hennenberg, K.J., Goetze, D., Kouamé, L., Orthmann, B., Porembski, S., 2005. 
Border and ecotone detection by vegetation composition along forest-
savanna transects in Ivory Coast. Journal of Vegetation Science 16, 301-
310.
Hobbs, E.R., 1986. Characterizing the boundary between California annual 
grassland and coastal sage scrub with differential profiles. Vegetatio 65, 
115-126.
Holeksa, J., 2003. Relationship between field-layer vegetation and canopy 
openings in a Carpathian subalpine spruce forest. Plant Ecology 168, 57-
67.
Horváth, F., Dobolyi, Z., Morschhauser, T., Lőkös, L., Karas, L., Szerdahelyi, T. 
1995. FLÓRA adatbázis 1.2. MTA ÖBKI és MTM Növénytár, Vácrátót, 267 
pp.
Horváth, F., Bidló, A., Heil, B., Király, G., Kovács, B., Mányoki, G., Mázsa, K., 
Tanács, E., Veperdi, G., Bölöni, J., 2012. Abandonment status and long-
term monitoring of strict forest reserves in the Pannonian biogeographi-
cal region. Plant Biosystems 146, 189-200.
Hrivnak, R., Gömöry, D., Slezák, M., Ujházy, K., Hedl, R., Jarcuska, B. , Ujhá-
zyova, M., 2013. Species richness pattern along an altitudinal gradient in 
Central European beech forests. Folia Geobotanica, in press, DOI 10.1007/
s12224-013-9174-0
Jonsson, B.G., 1990. Treefall disturbance – a factor structuring vegetation in 
boreal spruce forests. In: Krahulec, F., Agnew, A.D.Q., Agnew, S., Willems, 
J.H., (eds.): Spatial processes in plant communities. Academia, Prague, pp. 
89-98.
 Vegetation pattern in a beech forest reserve in the Mecsek Mts (Hungary) Seite 103
Kenderes, K., Mihók, B., Standovár, T., 2008. Thirty years of gap dynamics in a 
central European beech forest reserve. Forestry 81, 111-123.
Kirkman, L.K., Drew, M.B., West, L.T., Blooed, E.R., 1998. Ecotone characte-
rization between upland longleaf pine/wiregrass stands and seasonally-
ponded isolated wetlands. Wetlands 18, 346-364.
Kollár, T., 2013. Lékek fényviszonyainak vizsgálata hemiszférikus fényképek 
segítségével. Erdészettudományi Közlemények 3, 71-78.
Leemans, R., 1990. Sapling establishment patterns in relation to light gaps 
in the canopy of two primeval pine-spruce forests in Sweden. In: Krahu-
lec, F., Agnew, A.D.Q., Agnew, S., Willems, J.H., (eds.): Spatial processes in 
plant communities. Academia, Prague, pp. 111-120.
Lengyel, A., Purger, D., Csiky, J., 2012. Classification of mesic grasslands and 
their transitions of South Transdanubia (Hungary). Acta Botanica Croatica 
71, 31-50.
Lieberman, M., Lieberman, D., Peralta, R., 1989. Forests are not just Swiss 
cheese: canopy stereogeometry of non-gaps in tropical forests. Ecology 
70, 550-552.
Ludwig, J.A., Tongway, D.J., 1995. Spatial organisation of landscapes and its 
function in semi-arid woodlands, Australia. Landscape Ecology 10, 51-
63.
Mihók, B., Gálhidy, L., Kelemen, K., Standovár, T., 2005. Study of gap-phase 
regeneration in a managed beech forest: relation between tree regene-
ration and light, substrate features and cover of ground vegetation. Acta 
Silvatica and Lignaria Hungarica 1, 25-38
Mihók, B., Gálhidy, L., Kenderes, K., Standovár, T., 2007. Gap regeneration 
patterns in a semi-natural beech forest stand in Hungary. Acta Silvatica 
and Lignaria Hungarica 3, 31-45.
Oldeman, R.A.A., 1990. Forests: Elements of Sylvology. Springer, Berlin, 624 
pp.
Ortmann-Ajkai, A., 2002. Transitory vegetation types: a case study from river-
ine forests. Acta Botanica Hungarica 44, 335-346.
Pärn, J., Remm, K., Mander, Ü., 2010. Correspondence of vegetation boun-
daries to redox barriers in a Northern European moraine plain. Basic and 
Applied Ecology 11, 54–64.
Penksza, K., Barczi, A., Benyovszky, B.M., Möseler, B.M., Birkenheuer, V., Sza-
bó, T., 1995. Relationship between vegetation and soil on the northeas-
tern slope of the Fehér-szirt (White Cliff) of Kesztölc. Tiscia 29, 3-10.
Perry, D.A., Oren, R., Hart, S.C. 2008. Forest ecosystems. 2nd edition. The 
Johns Hopkins University Press, Baltimore, 632 pp.
Pickett, S.T.A., Cadenasso, M.L., 2005. Vegetation dynamics. In: van der Maa-
rel, E., (ed.): Vegetation ecology. Blackwell, Malden, pp. 172-198.
Price, D.T., Zimmermann, N.E., van der  Meer, P.J., Lexer, M.J., Leadley, P., Jor-
ritsma, I.T.M., Schaber, J., Clark, D.F., Lasch, P., McNulty, S., Wu, J., Smith, 
B., 2001. Regeneration in gap models: priority issues for studying forest 
Seite 104 Erdös, Vida, Körmöczi, Bátori, Tölgyesi, Ortmann-Ajkai
responses to climate change. Climatic Change 51, 475–508.
R Development Core Team, 2009. R: A Language and Environment for Statis-
tical Computing. R Foundation for Statistical Computing, Vienna. www.R-
project.org
Runkle, J.R., 1985. Disturbance regimes in temperate forests. In: Pickett, 
S.T.A., White, P.S., (eds.): The ecology of natural disturbance and patch 
dynamics. Academic Press, Orlando, pp. 17-33.
Schaffers, A.P., Sýkora, K.V., 2000. Reliability of Ellenberg indicator values for 
moisture, nitrogen and soil reaction: a comparison with field measure-
ments. Journal of Vegetation Science 11, 225-244.
Schnitzer, S.A., Carson, W.P., 2001. Treefall gaps and the maintenance of spe-
cies diversity in a tropical forest. Ecology 82, 913-919.
Simon, T., 2000. A magyarországi edényes flóra határozója. Harasztok-virá-
gos növények. Nemzeti Tankönyvkiadó, Budapest, 846 pp.
Szerémy, K., 2008. A Kőszegi-forrás Erdőrezervátum erdőgazdálkodása és áll-
apota az elmúlt 30 évről fellelhető adatok alapján. Diplomamunka. PTE 
TTK, Pécs 96 pp.
Tang, C.Q., Ohsawa, M., 2002. Coexistence mechanisms of evergreen, deci-
duous and coniferous trees in a mid-montane mixed forest on Mt. Emei, 
Sichuan, China. Plant Ecology 161, 215–230.
ter Braak, C.F.J., Gremmen N.J.M., 1987. Ecological amplitudes of plant spe-
cies and the internal consistency of Ellenberg’s indicator values for mois-
ture. Vegetatio 69, 79-87.
Tinya, F., Márialigeti, S., Király, I., Németh, B., Ódor, P. 2009a. The effect of 
light conditions on herbs, bryophytes and seedlings of temperate mixed 
forests in Őrség, Western Hungary. Plant Ecology 204, 69-81.
Tinya, F., Mihók, B., Márialigeti, S., Mag, Zs., Ódor, P., 2009b. A comparison of 
three indirect methods for estimating understory light at different spatial 
scales in temperate mixed forests. Community Ecology 10, 81-90.
Tölgyesi, Cs., Bátori, Z., Erdős, L., 2014. Using statistical tests on relative eco-
logical values to compare vegetation units - different approaches and 
weighting methods. Ecological Indicators 36, 441-446.
Tölgyesi, Cs., Körmöczi L., 2012. Structural changes of a Pannonian grassland 
plant community in relation to the decrease of water availability. Acta 
Botanica Hungarica 54, 413-431.
Tyler, G., 1989. Interacting effects of soil acidity and canopy cover on the spe-
cies composition of field-layer vegetation in oak/hornbeam forests. Forest 
Ecology and Management 28, 101-114.
Valverde, T., Silvertown, J. 1997. Canopy closure rate and forest structure. 
Ecology 78, 1555-1562.
Veblen, T.T., 1992. Regeneration dynamics. In: Glenn-Lewin, D., Peet, R.K., 
Veblen, T.T., (eds.): Plant succession. Chapman and Hall, London, pp. 152-
187.
Wall, D.P., Darwin, S.P., 1999. Vegetation and elevational gradients within a 
 Vegetation pattern in a beech forest reserve in the Mecsek Mts (Hungary) Seite 105
bottomland hardwood forest of southern Louisiana. American Midland 
Naturalist 142, 17-30.
Watt, A.S., 1947. Pattern and process in the plant community. Journal of Eco-
logy 35, 1-22.
Webster, R., Wong, I.F.T., 1969. A numerical procedure for testing soil boun-
daries interpreted from air photographs. Photogrammetria 24, 59-72.
Werger, M.J.A., Louppen, J.M.W., Eppink, J.H.M., 1983. Species performances 
and vegetation boundaries along an environmental gradient. Vegetatio 
52, 141-150.
Whittaker, R.H., 1967. Gradient analysis of vegetation. Biological Reviews 42, 
207-264.
Zalatnai, M., Körmöczi, L., 2004. Fine–scale pattern of the boundary zones in 
alkaline grassland communities. Community Ecology 5, 235-246.
Seite 106 Erdös, Vida, Körmöczi, Bátori, Tölgyesi, Ortmann-Ajkai
